Objective: To evaluate the influence of antireflux surgery on gastric emptying.
T HE PATHOGENESIS of gastroesophageal reflux disease is multifactorial. 1 In surgical management, Nissen fundoplication is the favored method, with success rates of 91% to 95%. 2, 3 Multiple mechanisms of action have been suggested for Nissen fundoplication. [4] [5] [6] [7] [8] [9] Restoration of the normal lower esophageal sphincter pressure with reduced frequency of transient lower esophageal relaxation is documented, 4, 5 but its role in curing the esophagitis has been questioned. 6, 7 Esophageal motor activity was found to improve after fundoplication. 8, 9 The role of gastric emptying in the pathogenesis of gastroesophageal reflux disease is controversial. Some investigators reported delayed gastric emptying in about 40% of patients with reflux 10, 11 and esophagitis, 11, 12 whereas others found no correlation between reflux and delayed gastric emptying, 13, 14 and such delay was associated with normal rather than inflamed esophageal mucosa. 15 Accelerated gastric emptying could be demonstrated after Nissen fundoplication, 16, 17 but not after the Hill operation. 18 The failure of antireflux operations has been associated with delayed gastric emptying. 19 The aim of the present study was to evaluate the influence of antireflux surgery on gastric emptying.
RESULTS

CLINICAL EXAMINATIONS
All patients had received medication for reflux symptoms; 14 had used proton pump inhibitors, and 8 had used histamine 2 blocking agents (some patients had used both types of medications). Cisapride, antacids, and sucralfate also were used. Preoperatively, 19 patients had pyrosis, 18 had regurgitation, and 5 had ex-perienced dysphagia at some time. The respective numbers of patients experiencing these symptoms at 1 month after the operation were 0, 1, and 9, and at 3 months, they were 1, 1, and 2, respectively. The preoperative esophagogastroduodenoscopy grades for esophagitis (using Savary-Miller grading [grade 1, linear, nonconfluent erosions; grade 2, longitudinal, confluent, noncircumferential erosions; grade 3, longitudinal, confluent, circumferential erosions bleeding readily; and grade 4, ulcer]) were as follows: grade 0, 7 patients; grade 1, 7 patients; grade 2, 4 patients; grade 3, 1 patient; and grade 4, 1 patient. Two patients had Barrett esophagus, that was histologically confirmed (gastric-type epithelium Ͼ3 cm above the most cranial fold of gastric mucosa). Postoperative esophagogastroduodenoscopy showed no esophagitis (grade 0) in 18 patients and grade 1 in 1 patient; 1 patient refused to undergo esophagogastroduodenoscopy.
GASTRIC EMPTYING
In the preoperative imaging, the activity had fallen below 50% of the maximal before 100 minutes in 2 patients and before 120 minutes in 3 patients. In the postoperative imaging, the respective numbers of patients were 7 and 13. For these patients, the values at respective times were linearly extrapolated for statistical comparison. The means for all variables (Table) indicated enhanced gastric emptying 3 months after the operation. All changes were significant. For 3 patients, gastric emptying at 60, 100, or 120 minutes was slower or the T 1 ⁄2 was longer than
PATIENTS, CONTROL SUBJECTS, AND METHODS
PATIENTS, CLINICAL EXAMINATIONS, AND SUBJECTS
Twenty patients (7 women, 13 men), mean age 49 years (range, 28-70 years), underwent surgery for the treatment of symptomatic gastroesophageal reflux disease at the KantaHäme Central Hospital, Hämeenlinna, Finland, between October 1, 1995, and August 31, 1996. The diagnosis was based preoperatively on the presence and duration of pyrosis, regurgitation, and dysphagia and the use of medication to treat reflux symptoms. Preoperative examinations included esophagogastroduodenoscopy, esophageal manometry, and 24-hour pH monitoring. Pathological reflux was found by the 24-hour pH recording (pH Ͻ4.00 for Ͼ4.2% of the recording time) in 18 of 20 patients (mean, 23.3% of the total monitoring time). The other 2 patients had erosive esophagitis and had experienced symptoms for many years. The clinical assessment was repeated 1 month and 3 months after the operation, and at 3 months, a control esophagogastroduodenoscopy was performed to observe the healing of esophagitis and the location and competence of the fundic wrap.
Ten healthy volunteers (3 women, 7 men; mean age, 37 years; age range, 25-52 years) served as control subjects. The control subjects were using no medications.
OPERATION
Nissen fundoplication was performed on 16 patients by using a laparoscopic procedure and on 3 patients by using an open procedure (2 of these owing to previous abdominal surgery). A wrap 2 cm in length was constructed with a 50F Maloney bougie inside the esophagus. The short gastric vessels were not divided. One of the open operations was begun as a laparoscopic procedure but was converted to an open procedure owing to technical problems. For 1 patient with propulsive, low-amplitude peristalsis, the Toupet hemifundoplication was preferred.
GASTRIC EMPTYING SCINTIGRAPHY
The patients fasted from midnight before the test. The test meal was taken with a glass of water. The test steak consisted of technetium Tc 99m colloid-labeled egg (20 MBq), 50 g of minced meat, and 1 to 2 spoons of bread crumbs cooked in a microwave oven. Immediately after the meal, imaging with a gamma camera was begun with the patient in a semisitting position. Two cobalt 57 ( 57 Co) markers were attached on the skin. The dynamic stage of imaging lasted 30 minutes. Acquisition, at 1 frame per 20 seconds, was performed in an anteroposterior direction. Thereafter, static images for 5-minute periods were collected at 15-to 30-minute intervals, during which the patients were permitted to get up. The camera and seat positions were kept constant, and minor shifts were corrected with the aid of the 57 Co marker. Imaging was continued until the activity of gastric contents had decreased to less than half of the maximal value, or for a maximum of 240 minutes. The 10 control subjects underwent the same gastric emptying scintigraphy.
ANALYSIS OF GAMMA IMAGING
The dynamic imaging and the 5-minute static images were linked in a file in temporal order. At this stage, if necessary, the static images were adjusted with the spots of the 57 Co markers. Dynamic images were added as 5-minute periods to obtain dynamic stage activity values at 5, 10, 15, 20, 25, and 30 minutes. Half-time correction of technetium Tc 99m was performed. By using dynamic and static values, an activity curve was plotted, with background activity subtracted, expressing the activity as a percentage of the first time point. Activities (as percentages of the maximal activity) at 60, 100, and 120 minutes (A 60 , A 100 , and A 120 ) were interpolated from the 2 nearest measurement points, and the time required for the activity to decrease to half of the maximal activity was defined (T1 /2 ).
STATISTICAL ANALYSIS
We used the t test for paired samples to compare preoperative and postoperative data and the t test for unpaired samples to compare data for the patients and control subjects, with PϽ.05 considered significant. The mean differences with 95% confidence limits were calculated. Correlation coefficients were calculated for age and emptying data (T1 /2 and A 60 ). The study was approved by the ethics committees of Kanta-Häme Central Hospital and Tampere University Hospital, Tampere.
in the preoperative examinations. Compared with control subjects, the preoperative gastric emptying was slower in patients (Table) , but no statistical difference was noted between the patients for preoperative or postoperative examinations and the control subjects. The variation in the gastric emptying rate was wide for the patients and the control subjects (Figure 1 and Figure 2) . No significant correlation was found between age and T1 /2 or A 60 in the preoperative and postoperative examination results for patients or between age and T1 /2 or A 60 for the patients and the control subjects.
COMMENT
Three months after antireflux surgery, gastric emptying was enhanced in most patients. By using T1 /2 or activity at 60 minutes as the variables, gastric emptying was enhanced in 18 of 20 patients. Simultaneously, there was total abolition of symptoms and esophagitis in 18 patients (90%). Although these findings may not be mutually explanatory, 18 they agree with the findings of previous studies 16, 17 and could suggest a role for accelerated gastric emptying in the action mechanism of antireflux procedures.
For 3 of the patients in the present study, gastric emptying was slower after fundoplication than before, but for 2 of them, the preoperative rate was faster than the average of the patients. Delayed gastric emptying has been associated with the failure of antireflux procedures to abolish symptoms of reflux, 19 but these 3 patients were totally asymptomatic 3 months after the operation. These cases suggest that enhanced gastric emptying is not essential to the effectiveness of antireflux surgery. All patients with postoperative symptoms at 3 months had improved gastric emptying. Furthermore, no statistical difference in gastric emptying was found between preoperative and postoperative examination results for patients or between patients and control subjects.
Although the preoperative gastric emptying was slower in patients, we could not demonstrate as clear a distinction between patients with gastroesophageal reflux disease and control subjects as was demonstrated in previous studies, [10] [11] [12] because there was considerable overlap between and variation within the present study groups.
The enhancement of gastric emptying could have resulted from the reduction in gastric volume related to the use of the fundus for plication. Similar enhancement was not found with the Angelchik prosthesis. 20 Functional studies showed that the proximal stomach initially stores the solid component of food before its redistribution and emptying from the stomach, 21 and removal of this reservoir may lead to accelerated emptying. It also has been suggested that delayed proximal rather than total gastric emptying could be important in the induction of transient lower esophageal sphincter relaxation. 22 With simultaneous restoration of the lower esoph- *Unless otherwise indicated, data are given as mean (SD). T 1 ⁄2 indicates time until half of the radioactivity leaves the stomach; A 60 , A 100 , and A 120 , activity remaining after 60, 100, and 120 minutes, respectively. †Preoperative vs postoperative data. ‡Comparisons of preoperative and postoperative data for patients vs control subjects were not significant.
Comparison of Preoperative vs Postoperative Gastric Emptying Data for Patients and Data for Patients vs Control Subjects
ageal sphincter pressure, 4 enhanced gastric emptying can promote the progress of gastric contents into the intestine, thus inhibiting reflux into the esophagus.
Esophageal transit times tend to normalize after Nissen fundoplication when the fundus is not mobilized, 23 as in the present study. The improvement of esophageal transit 23 and gastric emptying together may reflect improved upper gastrointestinal tract motility after antireflux surgery. Optimum esophageal motor function is desirable, since impairment is associated with esophagitis and reflux disease, 24, 25 although the significance of this finding has been questioned. 26 After fundoplication, some patients complain of postprandial fullness, 27 which may be related to delayed gastric emptying. 28 Postoperatively, the increased gastric wall tension together with the reduced gastric volume also may account for the fullness. 29 Heightened gastric tone can, in turn, enhance emptying. Flatulence also increases after fundoplication in some patients, 30 but it is not accompanied by an increase of the intra-abdominal gas volume, 30 which likewise may be explained by accelerated gastric emptying and possibly by normal, instead of abnormal, esophageal motility. 31 To study gastric emptying, we used solid food, which seems to be preferable to liquids for detecting delayed emptying in patients with gastroesophageal reflux disease 18 or esophagitis. 11 Furthermore, solid food (with a glass of water) more closely mimics the postprandial state, when some patients experience excessive reflux. 32 In postoperative tests, the percentage of retention of solid food at 100 minutes was similar to the findings in previous studies, 16, 17, 19, 28 as was the T1 /2 . 33 The ages of the control subjects (mean, 37 years) and patients (mean, 49 years) differed, but there was no correlation between the age and gastric emptying, and gastric emptying was not influenced by age in previous studies. 10, 13 The symptoms of gastroesophageal reflux disease were relieved by antireflux surgery. At the 3-month postoperative follow-up, scintigraphy showed significantly enhanced gastric emptying. The preoperative gastric emptying for the patients was slower than for the control subjects, but in the small groups in the present study, no significant difference was found. 
